i 



- 57 - 



10 



15 



What i s r i.;, , . 

claimed is: 

1. A CVI/CVD process 
of: Process, comp rising the 

Partially densify ina a no 

s ^d porous Bt^rit^Si^~^^^^^^ 
P^eas in which a fi rst " f" 88W ^^Ta^ 
structure i s subjected to .^2°' P ° r ° US 
—nd po rtion of said porQ ^— ura than a 

..in than said ~ has a greater bulk 

? rnu m Potion. 
^ • Tne process nf 

Additional densifi cation Drn ^ whe "in said 

CVI/CVD process. SS is a conventional 

^ ■ The process of 
additi 0nal den sif i cation Claim "herein said 

-I/CVO process in I ~ is a pressure anient 

S — to a h ighe r pres e ^ '« 

«• process of c, ^ ^ P ° rtion - 
" iHSitional dens iflcatlon ^^J^^d 

said resin. £-i£i?g_the step of InTS^ 

*h Process of claim , ' f f~ 

30 Step 0f "-t treating said ' Rising 

30 Porous structure at a te Parti ^y densified 

P-ssure gradient C^T^ ^'^ ^ -id 
-bse quentIy densi ° before step ^ 

- — onai -nsi fl I ati :;;;;;; s --ture by at least 

" —us stJcturT.sTi;;" Clain ^ -id 

~e gradient 0,1,^^^ ~~ - said 

P ocess deposits a carbon 
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matrix within said porous structure. 

7- The process of claim 1," wherein said 
porous structure is annular and has two generally Dla 
opposing surfaces, and said first portion' Z^ll^ 

::::;e?: e ^^r; c ::' and said — 

mer of said two opposing surfaces. 
8- The process of clai» 1, wherein said 
porous structure is ennuUr and has ah inside 

s™ er : n d tial SUrfSCe " ° UtSide ^""ferentiax 

surface, and said first nn-ri-i«„ , ^ 

nrst portion includes said inside 
circumferential surface » n * 6 

. surface < and said second portion 

includes said outside circumferential surface. 

9- The process of claim i, wherein said 
Porous structure i s annular and has an 
c-c f 6rential surfac£ ^ d ^ Qutside 

surface, and said first portion includes said outside 
inferential surface; 

-eludes said inside circumferential surface. 

10 ' ThS Pr ° Cess of c1 *™ l, wherein said 
Porous structure is annular and has an inside 

circumferential c,,rf^^ 

surface and ! ' ° UtSide Referential 

surface, and said flrst portion . 

circumferential surface » n * de 

. a "' and said second portion 

-eludes said outside circumferential surface. 

11. The process of claim i, wherein said 

~: r T ture is annuiar and h - tw ° ™ 

Parallel planar surfaces bounded by an inside 

circumferential surfapo 

surface spaced from and 

P cea from and encircling said inside 

circumferential surfaro 

ai surtace, and said firci- 

said inside c irn, m f Portion includes 

inside circumferential surface and one of Sflirt * 

surfaces, and s, d sec" d 
portion incudes said outside circu.f erentiai surface 
the other of said two g e„erai ly paraUei pianar 



12. The process of cl 



aim l, wherein said 
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porous structure is a „n„ lar and „ as ^ ^ 
parallel pi a „ ar surfaces bounde(1 by ^ 

~ erential SUr£a " " ° UtSide «™««e„tial 
surface spaced fro, and encirclino said inside 

crcu-ferential surface, and said first portion includes 
sa,d outside =ircu„f erential surface and one of said two 
9~-r.ll, par.Uel planar surfaces, and said second 
portion i„ ludes said inside . 

the other of said two generally par al le l pl anar 

10 surfaces. 

13. The process of claim i, further 
comprising the step of heat treating said porous 
stru Ct at a temperature greater than said pressure 
gradient CVI/CVD process after said r™ 
15 CVI/CVD process and k , Pressure gradient 

process and before sa ld step of subsequently 
densifyxng said porous structure. 

, Th£ Pr ° CeSS of clai ™ 1. wherein said 

step of heat treating said porous structure follows said 
pressure gradient <-VT/rvn ~ said 

0 nn CVI/CVD process without removing said 

0 porous structure from said CVI/CVD furnace 

15 ' A CVI/CVD process ' comprising the steps 

partially densifying a multitude of annular 
fibrous carbon structures within a CVI/cvd furnace by 
Posing a f lrs t carbon matr.x within said annular 

CVI/cvd C3rb0n StrUCtUre With 3 PreSSU " ^-i-nt 

f ous P T SS ln WhlCh 3 firSt POrti0 " ° f "«* 
fibrous carbon structure is subjected to a higher 

ca r r e b S o S n Ure t than ' ^ °' "«* ^ 

carbon structure and said first portion has a greater 

bulk density gain than said second portion; and 

subsequently densifying said multitude of 
annular fibrous carbon structures by depositing a second 

;:::;~ trix within each ™ — - 

which sa ld second portion has a greater bulk 
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^nsity gain than said f 

16. The process of claim m ,w 
annular fibrous „ rbo „ « ruet ^ l ^-»» «* 

=> includes one of * Portion 

one or said two generally naraiid i 
surfaces an* ~ y paralle l planar 

uxiaces, and said second Don-*™-. < , 

I 7 . The process of cbin, i C 
annular fibrous C arh„n * * " her " n Mch 

18. The process of rbi^ i C 
annular fibrous carbon structure Ls an TT "** 

sa id lnsi de circumferential surface. 
19 - The process of claim i c 
-nular Htau carbon strue „rt as a„ " T 

=-r^~£ - - ~ -~i 

~ Tan": J™' 

ciroumf \ ^circling said inside 

"rcumfer.nti.1 surface, and said first Borf . . 
"id i„sid 6 circumferential surf. lnClUdes 
™l y paraliel plan! u a s ""V *" 

Portion includes sain - • S3id Second 

and tne otner o s d " Ci ""-'««„ti.l surface 
surfaces. ^ Planar 
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21. The process of claim 15, wherein each 
annular fibrous carbon structure has two generally 
parallel planar surfaces bounded by an inside 
circumferential surface and an outside circumferential 
surface spaced from and encircling said inside 
cxrcumferential surface, and said first portion includes 
said outs.de circumferential surface and one of said two 
generally parallel planar surfaces, and said second 
portxon includes said inside circumferential surface and 
the other of said two generally parallel planar 
surfaces. 



22. The process of claim 15, further 
comprising the step of heat treating said annular 
fibrous carbon structure at a temperature greater than 

said pressure gradient rvT/nm ~ 

y ieni <-vi/cvd process after said 

pressure gradient CVI/CVD process K * 

/^vu process and before said step 

or subsequently dpncifuinr, „ -j 

q nny densifying said annular fibrous carbon 

structure. 

The process of c laim 22, wherein said 
-0 step of heat treating said porous structure follows said 
pressure gradient CVI/CVD process without removing said 
porous structure from said CVI/CVD furnace. 

24. A CVI/CVD process, comprising the steps 



of: 



heating a porous carbon structure to a 
temperature of at least 1750 *F; 

heating a hydrocarbon reactant gas to a 
temperature of at least 1650 ' F; 

partially densifying said porous carbon 
structure by forcing said reactant gas to pass through 
said porous carbon structure from a first portion of 
said fibrous structure to a second portion of said 
porous carbon structure, said first portion having a 

greater bulk densitv a;H n = ~ 

nsity gain than said second portion; and 

subsequently densifying said porous carbon 



structure by depositing a second matrix within said 
porous carbon structure with at ,„ «. 
densifiraf . h at least on e additional 

densif ication process in which said second cnr t • , 

greater bulk density gain than saL I * 

y y<ain man said first portion. 

25. The process of claim 24, wherein 
second matrix , a ^ mafcrix ^ s:i ; :::;: 

densificat on process i s a conventional CVI/cvo process 

additional densmca P t OCeSS °' ^ 

1 densification process comprises the steps of 

heatmg a porous carbon structure to a 
temperature of at least 1750 T; 

heating a hydrocarbon reactant gas to a 
temperature of at least 1650 *F; and, 

passing said reactant gas around sain « 
structure. una said P°rous 

27. The process of claim 24, further 
comprising the step of heat t-r«* ■ • 
structure at a , treating said porous carbon 

structure and I " a IT"" ^ ^ 

oerore said step of subsequently 

densifymg said porous carbon structure 

step of Jl\ ^ Pr ° CeSS ° f Claim 21 ■ whe "in said 
step of heat treating said porous structure 
pressure gradient cvi/cvn st ructure follows said 

Porous carbon struct e f Pr ° CeSS ^ 

structure from said CVI/CVD furnace 
2S_ A product made - by €he ~^ ces ^ f ^^ .^ ^ 



13. 



15. 



30 • A product 



31 • A product 




y the prtocess of cl 



aim 



rocess'of claim^ 



22 



3 2. A product Lade 



33. 
34 . 




s of claim 



27 



A product made by the process 
A product made by th 



claim 24 



e process of eiai 



m 



-A-f ri-cfed-on-d-isk-,- comprising-: 

first carboAf fi6d P ° r ° US StrUCtU " hav Wa 

lrst ca ^on katrix deposited within «^ 

structure and \ / " annui « r Porous 

said ^ , \ C " bt>n " atriX ««I-it«l vdtnin 

said »la, poUs structure oyer 

carfccn matrix, s ^ d densifiM aMular " 

« lnsi d . circumferential surface an d an outside " y 
circumferential s„r,\ce spaced fro, , nd e „circli„ g said 
inside circumferential surface a fir=f • 
portion „h< _ V e ' a flrst circumferential 

portion adjacent sai d i„ sid e circumferential surface 
second circumferential portion adjace „ t ^ '■ 
outside circumferential sVface, „„erei„ said first and 
s-ond circumferential Por\i„„ s ^ « 

,e " e " U ' suWces, said second 

circumferential portion HaviX at least W less of sa id 
irst croon matrix per uJ „o,„me re^Le to s,L 
irst circumferential portL. ki d ^ ^ 

n aid second car.on m/tri* „ a L, V substantia! y 
r 1 minar microstore, and \ai first c,r to „ 
» b ei„ g more arapn/ti 2 ed than Yai^econdcarfSn 



said first"' J*" fr r i0 " diSk / ( V" 35 ' •*■«*- 

saia first carbon matr/ix and ^ \ -> 

have at least 90° I 7 f Carbon matri * 

least 90, rough laming microstLcture. 



37. The fri 



said fir^ , ^i2J^ isk of claims, wherein 

h flrSt Carb ° n matri * »"d said second carbon matrix 
have at least 951 rough laminar microstore 

said first' 8 " ^ friCti ° n diSK ° f Cl3im 35 \ wh -ein 
said flrst circumferential portion has a greater the™ , 

conductivity normal to said two generaUy'p rA e 
^surfaces than sa ld second circumf erlntia\ ^ 

/said firsts friCti ° n ° f Claim 35 ' Wh -f- 

, ^ f^rst circumferential .pprtion has a greater thW i 
conductivity normal to said first and second " ' 
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^iteferentxal surfaces than, said-second 
circumferential portion. 

40. The friction disk of claim « 
said claim 35, wherein 

said firdt circumferential portion h* c . 

\ *-J.on nas a qreater rrncK^ 

^parent ^ than sald second .^^^ 

portion. x 

said first 41 "\ The friCti ° n ^ ° f ClaiD/35 ' Whe «- 
" r ? c -<\^-ential portion with Has a crushed 
apparent densiA at 0.2% grea ter than said second 
circumferential portion. 

said first 4 '' h The V iCti0n disk »f claim 35, wherein 
said first carbon maVix has a greater thermal 
conductivity than sai^d secondi^^^, 

said fir ^ ^ f °V iSk ° f Cla \ 35 ' herein 

said first carbon matriAhai a .1 



second carbon matrix. 



a greater density than said 



44. The fricti/Xdisk of claW 35 , wherein 
said annular porous stru/tuk > compris/s /carbon fibers 

said d -I"' I™ A f ° f 4^ 35 ' herein' 

an ulL jT 3nnUlar f ° US V--/ -Prises an 
annular fibrous structure. \ 1/ 

46. The friction disk V L ilR 35, wl*^ 

S3ld d6nSified Parous struXurV^Ise! an 

annular fibrous str.ctur having /a^ on flb £."" 



47. The fricti 



■n di 



said • ° f cU \ iin 46 ' herein 

said first circumferential Dort ion V 

iai portion has a> areatpr -t-iio>-»,^i 

48. The friction disk of cl, 



aim 46, Wherein 
s a greater thermal 
said first and second 
circumferential surfaces than said second 
circumferential portion. 



said first circumferential portion ha: 
conductivity normal to 



said first 



49. The friction disk of cl 
circumferential portion^ 



aim 46, where iNn 



as a greater- 



crushed 
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>par_ent d.ensity_t^^ circumferential 



portion. 

50. The friction disk of claim 35, wherein 
said &=nsified annular porous structure comprises an 
annular\fibrous structure having only carbon fibers. 

51. A friction disk, comprising: 
densified annular fibrous structure having a 

first carbon\ matrix deposited within said annular porous 



structure and\a second^carborKniatrix deposited within 



said annular pc^ous , structure overlying said first 
carbon matrix, s^idf densified annular porous structure 
having two generally parallel plan\r surfaces bounded by 
an inside circum^rWitial surface 

ial ^urfap* 



an outside 

circumferential iurf^ce spaced froZ A and encircling said 
inside circumfe»ential\surface, a /first circumferential 
portion adjacent* said iXside cirdLf erential surface^ 
and a second circumferential/ po/tllon adjacent sai^ 



outside circumferential surface 

\ / ' 
rential portions a 



second circumfe 
generally paral 



wherein said/first and 
re bounded^by said two 
saier second 



lei planar surface^ 
circumferential Iportion hav/ng\at least 10% less of said 
first carbon matVix per unit volume relative to said 
first circumferen^ialjo^ion, sa\d first carbon matrix 
and said second carbon matrix haviAg a substantially 
rough laminar microstructure, and sa\d first carbon 
matrix being more graphitized than sa\d second carbon 
matrix; 

wherein thermal conductivity normal to said 
two opposing surfaces and crushed apparent density of 
said densified annular porous structure generally 
decrease in a radial direction from said ins\de 

circumferential surface to said outside circuit erential 
surface . 

52. The friction disk of claim 51, whWein 
said densified annular fibrous structure comprised 
carbon fibers. 
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53. A CVI/CVD process in a CVI/CVD furnace, 
comprising the steps of: 

introducing a reactant gas into a sealed 
preheater disposed within said CVI/CVD furnace, said 
5 sealed preheater having a preheater inlet and a 

preheater outlet, said reactant gas being introduced 
into said preheater inlet and exiting said sealed 
preheater through said preheater outlet and infiltrating 
at least one porous structure disposed within said 
10 CVI/CVD furnace; 

heating said at least one porous structure; 
heating said sealed preheater to a preheater 
temperature greater than said reactant gas temperature; 

sensing a gas temperature of said reactant gas 
15 proximate said outlet; 

adjusting said preheater temperature to 
achieve a desired gas temperature; and, 

exhausting said reactant gas from said CVI/CVD 



furnace . 



54. The process of claim 53, wherein said 
CVI/CVD furnace comprises a susceptor wall, and further 
composing the step of heating said susceptor wall, and 
said step of heating said sealed preheater comprises the 
step of radiating heat energy from said susceptor wall 

25 to said sealed preheater. 

55. The process of claim 53, wherein said 
sealed preheater is disposed in close proximity to said 
susceptor wall. 

56. The process of claim 53, wherein said 
50 CVI/CVD furnace comprises a susceptor wall having at 

least first and second susceptor wall portions and at 
least first and second induction coils, said first 
induction coil being inductively coupled to said first 
susceptor wall in a manner that transforms electrical 
5 energy from said first induction coil to heat energy in 
said first susceptor wall, and said second induction 
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coil being inductively coupled to said second susceptor 
wall portion in a manner that transforms electrical 
energy from said second induction coil to heat energy in 
said second susceptor wall portion, said sealed 
preheater being disposed proximate said first susceptor 
wall portion and being heated to said preheater 
temperature at least in part by radiant heat energy from 
said first susceptor wall portion; and 

wherein said step of adjusting said heat 
exchanger temperature comprises the step of adjusting 
electrical power to said first induction coil. 

57. The process of claim 53, wherein said 
CVI/CVD furnace comprises a cylindrical susceptor wall 
having at least first and second cylindrical susceptor 
wall portions and at least first and second cylindrical 
induction coils, said first cylindrical induction coil 
being concentrically disposed around and inductively 
coupled to said first cylindrical susceptor wall in a 
manner that transforms electrical energy from said first 
cylindrical induction coil to heat energy in said first 
cylindrical susceptor wall, and said second cylindrical 
induction coil being concentrically disposed around and 
inductively coupled to said second cylindrical susceptor 
wall portion in a manner that transforms electrical 
energy from said second cylindrical induction coil to 
heat energy in said second cylindrical susceptor wall 
portion, said sealed preheater defines a generally 
cylindrical preheater perimeter concentrically disposed 
within and in close proximity to said first cylindrical 
susceptor wall portion and being heated to said 
preheater temperature at least in part by radiant heat 
energy from said first cylindrical susceptor wall 
portion; and 

wherein said step of adjusting said preheater 
temperature comprises the step of adjusting electrical 
power to said first induction coil. 
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58. The process of claim 53, wherein said 
CVI/CVD furnace comprises a generally cylindrical 
susceptor wall, and said sealed preheater comprises a 
generally arcuate preheater perimeter in close proximity 
to said cylindrical susceptor wall. 

59. The process of claim 53, wherein said 
sealed preheater is resistance heated by electrical 
energy. 

60. The process of claim 53, wherein said 
preheater outlet comprises an array of perforations. 

61. The process of claim 53, wherein said at 
least one porous structure comprises a first portion and 
a second portion; and, 

further comprising the step of forcing said 
15 reactant g as to pass through said at least one porous 
structure from said first portion to said second 
portion. 

62. The process of claim 61, wherein said 
reactant gas deposits a carbon matrix having a 

20 substantially rough laminar microstructure within said 
at least one porous structure. 

63. The process of claim 53, wherein said at 
least one porous structure is a carbon porous structure 
and said reactant gas deposits a carbon matrix within 
said at least one porous structure. 

64. The process of claim 53, wherein said at 
least one porous structure comprises a plurality of 
annular porous structures disposed in a stack that 
defines an annular porous wall; and, 

30 further comprising the step of forcing 

dispersion of said reactant gas through said annular 
porous wall by introducing said reactant gas to said 
CVI/CVD furnace and exhausting said reactant gas from 
said CVI/CVD furnace on opposite sides of said annular 
porous wall. 

65. The process of claim 64, wherein each 
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annular porous structure 

structure has a surface area ca iH «. , 
of annular porous structures hav . »«• ««* 

co„centri"U y disposed tet „ e . n each pair of ™" 

:r° u v tructures with a « * - ™ 
:i a ::: t a ;:;: ar p °- — — ~ - :n: 

66. The process of 64, wherein said stack 
^fxnes an endosed cavity bounded by said annuLr 

porous wall; and, annular 

said r / Urther C ° mprisi ^ the »tep of introducing 
said reactant gas fron said preheater ^ 

enclosed cavity, said enclosed cavitv Za 

said preheater outlet. * ^ " Mled t0 

67. A CVI/CVD process in a CVI/CVD furn, 
comprising the steps of: CVI/CVD furnace, 

forming an annular porous wall that- 
enclosed cavitv „„ hat deflnes an 

stack of ,n P annUlar Wal1 deluding a 

stack of annular fibrous carbon structures- 

Preheater IT" P ° r ° US Wall ' to a s -led 

L et and' a ld h S6aled ^ a preheater 

iruet and a preheater outlet « i h „ 

tit;L ' said enclosed ravif» i~ * 

ln flUid — i-tion with said gas outlet- ' 

said prehea^t;:: 9 ^ ^ 

sealed pre ate Said 
preheater, to said preheater outlet and in*- 

said enclosed cavity; lnt ° 
bating said annular porous wall • 

heating said preheater to a preheater 
temperature greater th.n =, er 
reacts, 935 tem P era ture of said 

reactant gas proximate said preheater inlet; 

sensing a gas temperature of said 'reactam- 
proximate said preheater outlet; "actant gas 

adjusting said preheat-or t-„ 
achievp * h ■ J Preneater temperature to 

achieve a desired gas temperature; and 

CVI/CVD f WithdraWin9 Sald —tant gas from said 
CVI/cvd furnace on a side of said annular porous wall 
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opposite said enclosed cavity thereby forcing dispersion 

of said reactant gas introduced into said anil f 

r . v i fv L aid enclosed 

cavity through said annular porous wall. 

68. The process of claim *7 
cvT/rvn * ciaim 67, wherein said 

Last ( '"" SUS «^ «U P-tio„ 5 a „ d at 

induction coil being i„ auctively 

SU= " Pt ; r " a11 in * that transform electrica 

ecu 17 SUS " Pt0r Wal1 ' " d " W ^ 

-all portion ln a „,„„„ tnst transfor „ s " 

energy fro. said second induction coil *„ h - 

said second susceptor w.ll „ e " ergy in 

Portion, said preheater b.i„„ 
disposed proxi^. said fir . t susceptor ^ 

^cheated to sald preh e at er temperature at east i 

wall portion; and 

wherein said stpn + 
tenoeratnro • adjusting said preheater 

temperature comprises the step of adjusting electrical 
power to said first induction coil. lect ^cal 

reactant ^ PrOC6SS ° f ^ Wherein 

reactant gas deposits a carbon matrix having a 

substantial 1 v mnrrK i • 

annular n * ^restructure within said 

annular porous wall. 

annular fib^ ^ ° f ^ 6? < Wherein 

annular f lb rous carbon structure has a surface area 

said stack having at lea^f nn 

9 at ieast one nng concentrically 
disposed between each pair of adi a ™n* , 
~, w aajacent annular fibmnc 

carbon structures , • . norous 

•< eacn a „„»l , " SUrfa " "~ 

to s ald reaetant gas . StrUCtUr> «*— 



.21. & 



35 reactT^ — --^HP^ratus^ f ^ introducing a first 

reactant gas into / ^ — * 
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r«r* + X firSfe ~ n,a " in - 9aS - line f ° r suPPly-i-ng-the first 
reactant djas; 

Plurality of furnace supply lines in fluid 

communication with mi* f^.f 
CVI/CVD fjL; 

a pWality of first flow meters that measure 
a quantity of krst reactant gas flow through each 
furnace supply Mne; and, 

to control" ^TV* °' C ° ntr01 C ° nfi ^ed 

control said quantity of^iS^th. first reactant 
gas through each fdrnace^uppiy line^ 

msf> 72 ' a W* tus of claim \ 7 i, wherein said 

quantity of flow is dVfforonf * / i 

15 9\ ffere nt for each furnace supply 
line. / \ u FFiy 



7 3. The /apparatus o 

1 ^ / 



/claim 71, 



nln - . / A 4 "A ' 7M^ xaxJU 'i, wherein said 

Pluraat, of , irst / (low \.t.r/ L»u„ic,t. with . 

of first control/valves. X 1 



74. The apparatus of 
furnace supp i y i ine C ompri/se\ on 



claim 71, wherein each 
ow meter and 



first 



* / \ * * v < ^ xi - ^ j^iru ow meter 
e first control valve, /said\one first flow meter 



communicating w|th a con/rolle\, said controller 
controlling said^ one fi/st control valve. 

75. Th^apparatus of \laim 71, further 
co.p r x. ln g a f irst main control \ ^ 

said first main gas line. \ 

™- The apparatus of cla\m 71, wherein a 
seco d reactant ^ ^ ^ , ^ 

further comprising: \ 

a second main gas line for supplying the 
second reactant gas; \ 

a ou „ 9 PlUrallty ° f Second flow ">et\rs that measure 

quantity of second reactant gas flow through each 
turnace supply line; and, N 

a plurality of second_cpntrol valv\s 
configured to control said guI^oTfloSr o\ the 
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second reactant-gas-through each f„rn* 
\ 77 , ugn each - f -urnace supply ii ne _ - 

Plllitv of aPParatUS CVI/CVD -^i'ying a " 

plu*Wity of porous structures, comprising- 

\ a CVI/CVD furnace that defines a furnace 
volume ;\ -turnace 

.a vacuum apparatus i« -j 
said furnai volume; —nication with 

a rvirst main gas line for i • 
reactant gas; \ -"PPlying a first 

a plurVLity of furnace supply lines in f, •„ 

communication wit\ sai*T^7r^\ • 1Uld 

itny sa^r first\mam gas line; and, 

a plurality of staricA ^ <-v 
disposed within sa CkS \° f the P° rous structures 

witnm sa/dXfurnace volW, each stack ■ 
an enclosed cavit^ inWin ^ A • defining 

r ln \ fluid communication with a 

mt= each encl / ed cavit \ r intro<suc?d 



forced to fcisperJe through 



structures bef/ore bei„ g wi^dr. 



sai 



volume by saic 
78. 



fn from sail 



vacuum apparatus. \ ^ 
The apparatiAof c\alS<, further 




5ntr\>l 



comprising a fkrst main contr&l vai™ r 

said first mail e , J \ dls P°sed within 

nrst ma irt supply Line. v 

? 9- ^heapp^atus of \claim 77, further 
comprising: x ^ \ rtner 

a Plurality of f irst flo V net 
a quantity of fi^ \ " rs that measure 

fuL reactant gas fl\ w through each 

furnace supply line; and X 

-—-^ 

gas through each f Ur „ a , a ™e\first reactant 

yn eacn furnace supply line. 

80. The apparatus of claim 7Q \„k 
quantity of fircr r fc 79, \wherem said 

iry of first reactant gas flow is different- f 
each furnace supply i ine . different for 

81 - T he apparatus of claim ir „J\ • 

furnace suoniv h„ "~ ' whe \ e ^ each 

e supply lme comprises one first flow Jit- 

Sl now meter and 
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°>^first_control valve, said one f irst fln «. 
c°B«V«ting with a * fl f!L?eter_ 



30 



35 



control^ said „„. ,<-^-S!' ^ contr °^r 

control valve. 

82 ' \ The apparatus of\-i a -!„ 
5 comprising: \ / 01 ^ laim ? 8, further 

a second rfadn gas li n J 
reactant gas, said turna-ce s.mi , ■ / 

83. The apparatus j^^TT^Z^ 
comprising: 1 us /°^aim 82, further 

3 Plurallt >\ili^=»euona flow irteter*; t-H a +- 

3 qUMtlt * of -cond reactant gas now^T T """^ 
furnace supply l ine ; and , 9 ea *> 

a Plurality of second contrm , \ 
configured to control sain valves \ 

second reactant T l * °' fl ° W ° f Sa X 

actant through each~fnVr^ — ^ 

* CVI/CVD L. f L t 
th . steps of; e " slf "»-« process, 

<*«1» a first L of " 9 " dlent CV1/C ™ 

t hro „; : ; *- '«=- to 

y aid fl rst porous wall- 
densifying a second porous wall k 
gradient CVI/CVD process wherein ! " Pr6SSUre 

reactant gas is fnr „ " 3 SeCOnd fl °« of 

Porou. w .u! " <™ ~ -id second 

reactatrtrLr" 011 " 9 «~ <* 

y ana said second flow of c,^ 
gas. " LJ - UW or said reactant 

^ ■ ^vi/cvd process whpr^i^ * 

thl " fl °» ■* ««t.nt ... is force Tt„ d - * 
« l«st said third porous 2° <=° «"P«S. through 
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flow of reactant gas. 

comprising ^ Pr ° CeSS ° f Claim 84 ' fu ^er 
comprising the steps of: 

sensing a first porous wall 
5 contra i • • temperature; and, 

controlling said first porous wan «■„ 
by increasino or rt^r- Parous wall temperature 

ing or decreasing said fir^ 
gas. Irst flow of reactant 

87. The process of claim 86, further 
comprising the steps of: 

sensing a second Dorou* ua n *. 

porous wall temperature- anr? 

controlling said seconri „ ' 
y second porous wall 

temperature by increa-si™ „ 

■* - LJ "-reasing or decreaci^ -j 
of reactant gas . ^creasing said second flow 

88. The process of claim 84, wherein: 
said step of densifying said fir«r « 

includes the sten nf u • Porous wall 

step of subjecting one side of said - 

porous wall to said first fi™ * 1 

first pressure and " S at a 

pressure and an opposing side of «:»,•* 

wall to a vacm.n, « flrst P°rous 

vacuum pressure, said fir^r 

9 ~t„ tha „ said vacuu „ pressure f ; r ; n v~ 

Porous « u t0 a vacu * M " ° PP ° Si ^ <* "id »co„a 

L-o a vacuum pressure c=,^ 

being greater than c S6C ° nd P res sure 

y greater than said vacuum pressure 

89. The process of claim 88, further 
comprising the steps of: further 

sensing said first pressure; and 

controlling said first pressuro k • 
or decreasing said first f . ' P r "«"« by increasing 

ia tirst flow of reactant gas 

90. The process of claim 89, further 
comprising the steps of: further 

sensing sai d second pressure; and 
controlling said second pressi.ro i ■ 



